The neuronal ceroid lipofuscinoses (NCLs) are a group ofinherited degenerative neurological diseases affecting children. A number of non-allelic variants have been identified within the human population and the genes for some ofthese have recently been identified. The underlying mechanism for the neuropathology remains an enigma; however, pioneering studies with the naturally occurring ovine model (OCL) have led to the proposal that these diseases represent lesions in specific hydrophobic protein degradation pathways. In this study, we show linkage between OCL and microsatelilite markers on OAR 7q13-15. Using interspecies chromosome painting we establish that OAR 7ql3-15 is syntenic with human chromosome 15q21-23, the region which was recently defined as the location of a newly identified late infantile variant (CLN6). We propose that our ovine model represents a mutation in the gene orthologous to that mutated in the human late infantile variant CLN6. The ovine linkage flock, consisting of 56 families, represents a powerful resource for positional cloning of this NCL gene. The availability of such a large animal model will have important implications for experimentation in downstream corrective therapies.
The ceroid lipofuscinoses (NCLs) are a group of inherited neurodegenerative diseases of children characterised by dementia, seizures, loss of venile NCL (CLN3) is localised to chromosome 16pl2 and the associated gene codes for a novel putative membrane protein. 4 A number of human variants have been identified by linkage analysis. The specific disease causing mutations in these syndromes remain unresolved. These include two late infantile forms, CLN5 and CLN6, localised to chromosomes 1 3q225 and 1 5q2 l-23,2 respectively. A variant disease with juvenile onset is linked to chromosome lp32 and has recently been shown to be biochemically analogous to INCL.6 In addition to the above entities, adult onset forms of ceroid lipofuscinosis are also known.
Despite recent advances in molecular genetics, the pathogenesis of the ceroid lipofuscinoses remains enigmatic. The function of PPT in INCL is uncertain as is the role of the CLN3 protein in JNCL. Attempts to develop mouse knockout models of CLN1 and CLN3 have so far proven to be unsuccessful. Furthermore, it is becoming increasing clear that in many instances rodent models of human disease show significantly altered pathologies.79
Well defined animal models that mimic the human disease phenotype are important resources for biochemical and therapeutic studies. The best described animal model of NCL occurs in South Hampshire sheep (OCL) and has been extensively studied as a model of the human diseases.'0 Tissue extracts from the OCL sheep"'"-3 contain multilamellar storage material and provided the first evidence that subunit c of the mitochondrial ATP synthase accumulates in storage bodies. Subsequent studies showed that the subunit c was also stored in many of the human NCL variants.'3 Subunit c is an extremely hydrophobic protein which extracts with lipids in chloroform and methanol (2:1) and which in situ forms a transmembrane ion channel as part of the Fo complex of mitochondrial ATP synthase. '4 In this study we show by linkage analysis that OCL is located on sheep chromosome 7q1 3-15. Using interspecies fluorescent in situ hybridisation and comparative gene mapping data we provide strong evidence for synteny of this locus to HSA 1 5q21-23, recently reported as the location of CLN6. The gene for the CLN6 disease variant is as yet unknown. The data strongly suggest that OCL is a model for the human variant late infantile disorder, CLN6.
The sheep model is important for future progress in understanding the disease aetiology and for experimentation in therapeutic intervention. Large numbers of sheep families in which a single founder mutation is segregating where possible, additional markers. A total of 160 microsatellite markers were analysed. After identification of a linked marker, flanking markers were identified from the ovine and bovine maps and tested for linkage to OCL. Two point lod scores were determined using CRI-MAP22 and multipoint linkage analysis was performed using CRI-MAP Build.
Results
The frequency of affected offspring in the OCL flock was approximately 0.5 and the uniformity of the phenotype is consistent with a single founder mutation. The microsatellite marker BMS528 was the first marker analysed to show significant linkage to OCL. Screening of adjacent microsatellite markers (BMS2635, BM1237, BMS2349) from the bovine linkage map'5 confirmed the location of OCL on sheep chromosome 7. The segregation of microsatellite marker BM1237 in three families is shown in fig 1. A maximum pairwise lod score of 11.14 was obtained at Zmax=O between BM1237 and OCL (table 1). Significant linkage was also detected with microsatellite markers BMS2635, BMS528, and BMS2349. Multipoint linkage analysis placed OCL in the region of BMS 1237 (fig 2) . Strong allelic association was observed with markers BMS2635, BM1237, BMS528, and BMS2349. The allelic association was the strongest at BM1237; all affected chromosomes carry allele 2 and all normal chromosomes carry allele 1 (fig 2) .
YAC clones containing microsatellite markers BMS2635, BM1237, BMS528, TGLA131, and BMS2349 were used for in situ hybridisation. Identification of sheep chromosome 7 as the target chromosome was simplified by the use of a homozygous Robertsonian t3 translocation consisting of a 7/25 centromeric fusion. 17 Non-chimeric YAC clones consistently hybridised to the chromosome 7 in the region of qi [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Fig 3 shows 
Discussion LINKAGE OF MARKERS TO OCL
A genomic screen of 160 microsatellite markers has led to the identification of four markers linked to OCL. Strong linkage disequilibrium between :CL and markers BMS2635, BM1237, BMS528, and BMS2349 was observed with the strongest allelic association shown between OCL and BM1237. 
